(a) Current (black) and future (red) initial ocean thermal profiles at the representative station in the WNP MDR (location see star in Fig. 1a of the main text). The thick profiles are from MME and the thin profiles are from the 22 ensemble members. (b) The corresponding subsurface ocean stratification (i.e. subsurface temperature with respect to (wrt) SST). It can be seen that future stratification is sharper than current. In other words, though current subsurface ocean is colder than current SST, future subsurface ocean will be even colder than future SST. This is found not only in MME, but also in most of the 22 ensemble members. (c) The difference between future and current stratification (i.e. subtracting the future and current stratification in (b)). Therefore, profiles under negative x-axis region (grey-shaded region) are sharper stratification in future (wrt current). It can be seen that MME and most of the ensemble members are showing such stratification sharpening in the future. Supplementary Figure 4. (a) Comparison of current (2006-2014 average) and future (2092-2100 average) initial MME ocean thermal profiles at a representative station (152°E, 20°N) in the WNP MDR (location illustrated as star in Fig. 1a). Sharpening of ocean subsurface gradient in the future is visible. (b) Using profiles in (a) as initial input, the 3DPWP simulation of current OCE and future OCE under a moderate TC scenario (scenario 8). Due to stratification sharpening in the future initial ocean profile, future OCE (1.621 °C ) is stronger than current OCE (1.403 °C ) by 0.218 °C, i.e., ~ 16% wrt current OCE. 5 Supplementary Figure 5. (a,b) Comparison between the initial pre-TC profiles between this work (22 CMIP5 model MME) and Knutson et al. 2001 (based on CMIP2) over WNP and NA MDRs. (c,d) as in (a,b), but for the subsurface ocean stratification (i.e. subsurface temperature wrt SST.). It can be seen that subsurface thermal gradient sharpening (a,b) and stratification increase in the future (c,d) are weaker in the Knutson et al. 2001 profiles.
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Supplementary Tables
Supplementary Table 1 : Vertical resolution of the upper subsurface ocean in the 22 CMIP5 models. Fig. 5a ).
Model Name Levels
The percentage of the OCE changes (i.e., ΔOCE (%)) is with respect to (wrt) the result in Supplementary Fig. 5b ).
The percentage of the OCE changes (i.e., ΔOCE (%)) is with respect to (wrt) the result in Supplementary The grid size used is 2-degree in Lon/Lat. The two study regions are the western North Pacific (WNP) and the North Atlantic (NA). The initial, pre-TC ocean profile at each grid is the boreal TC-season (July-October) averaged profile from the CMIP5 ocean field in each
year. As we have 22 CMIP5 ocean fields, the above method is applied to each of the CMIP5 members and at each grid. After obtaining the OCE results for each grid and from each individual member, a multi-model ensemble OCE is obtained based on averaging the OCE results from each member at each grid. Therefore, we are able to obtain not only the multi-model ensemble mean (MME) but also the spread in OCE due the differences in the 22 different ocean fields at each grid.
We have run the 3DPWP model at each grid, for each year (2006 to 2100), over each of the 22 CMIP5 ocean fields, to calculate the TC-induced ocean cooling effect. This is done for both WNP and NA, and for each of the 15 scenarios. Because of the large member of such calculation and the use of CMIP5 data, we believe this is one of the most comprehensive OCE assessments so far obtained for TC global warming research.
The objective of this research is to examine the change in OCE due to the change in future initial ocean conditions under the CMIP5 RCP8.5 scenario. Therefore, we do not add-on the possible change in future TC attributes under global warming. Certainly, it is possible that future change in TC attributes may further modify the OCE change. However, at present, we do not even have a clean, baseline OCE change due to change in the future ocean environment alone. Therefore, we are hesitant to introduce further TC changes into the analyses, especially given the large uncertainty in future TC activity projection. In short, the objective of this research is to examine the OCE change due to change in the initial future ocean environmental condition, but without co-varying the TC attribute changes. With the ongoing improvement in TC attribute projection, the co-varying aspect in TC attributes change can then be added to this baseline assessment in subsequent research.
The advantage of our idealized approach (i.e. the 15 hypothetical TC scenarios, Supplementary Table 2 ) versus the use of CMIP5 TC track data is that OCE can be obtained under strong-enough intensity, as well as covering a wide range of TC conditions. Also, the same TC parameters are applied across the 22 different ocean fields, so that the OCE from the 22 different CMIP5 models can be compared under consistent TC conditions. As Carmago et al. 2 points out, TC frequency in CMIP5 models is typically less than observed, and the intensities are much less than observed. Therefore, the approach of using CMIP5-based TC tracks may have issue of under-sampling of OCE, since only a few grids in the domain have TC entries. Our approach calculates OCE on each grid in the domain, thus to maximise sampling.
The disadvantage of our approach is that there is no track information and uniform TC parameters are applied throughout. Therefore for each scenario, the OCE change under global warming is only from change in ocean condition, but without contribution from possible change in TC attributes, i.e. without the co-varying TC attribute change. As discussed in above, given the issue with TC attribute projection in CMIP5, this work aims to obtain first a well-defined baseline, given future ocean condition change only. With the ongoing improvement in TC attribute projection, the co-varying aspect in TC attributes change can be added to this baseline assessment in subsequent research.
As compared to the dynamical-downscaling approach [4] [5] [6] [7] , our approach has the advantage of efficiency, and can be applied across 22 CMIP5 ocean fields to assess the spread among ensemble members under TC-ocean coupling condition. Because dynamical-downscaling is a much more expensive and computational-consuming approach, it is more difficult to apply to so many ocean fields individually to compare the performance across the 22 ocean fields ( Fig.   4 in the main text and Supplementary Figs. 1-3, 9,10,19 ).
As from above, our potential intensity approach is not to replace dynamical-downscaling approach. Rather, it aims to complement the much more expensive dynamical-downscaling approach, because our approach can be applied to each of the 22 individual CMIP5 environmental fields to assess the model-to-model dependence. Please also kindly note that the dynamical-downscaling approach for the Atlantic in Bender et al. 5 and Knutson et al. 7 are based on CMIP3 MME ocean subsurface temperature gradient fields. In Bender et al. 5 , CMIP 3 oceanic and atmospheric fields were used. In Knutson et al. 6 , CMIP5 atmospheric field is used but the ocean subsurface temperature gradient field is based on the CMIP3 MME oceanic field (based on MME of 18 CMIP3 models). We thus want to conduct a systematic PI approach to use both ocean and atmospheric fields from a large representation (22) of the latest CMIP5 models. Please note that in Knutson et al. 7 , the across model spread (10 models) are examined for the CMIP3 atmospheric models, but not in the ocean subsurface fields, since the same MME ocean subsurface temperature gradient field is used.
Another issue to note is that we are not sure whether the under-sampling of TC track and frequency issue in CMIP5 may also affect the OCE sampling in the dynamical-downscaling approach 2 , since dynamical-downscaling approach is embedded in the CMIP atmospheric environment. It is uncertain to us that whether there will be an issue on the under-sampling of OCE in these approaches. As a result, we do what we can to cover as much sampling in OCE across 22 CMIP5 models and across 15 scenarios ( Supplementary Figs. 7, 8, 15-18 ). 32 Finally, with regards to the TC tracks, all existing PI approach (e.g. in Vecchi do not include the TC tracks and frequency, since PI approach in itself is to assess how ocean and atmospheric thermodynamic environment is allowing a TC to intensify. Therefore, the PI approach in itself does not involve with TC tracks. However, the original PI (i.e. SST_PI) is based on pre-TC, initial SST and does not include the ocean's subsurface contribution or OCE.
Therefore, we include the OCE assessments under 15 different TC-ocean coupling scenarios based on OC_PI, so that impact on PI under a wide-spectrum of TC-ocean coupling scenarios can be obtained ( Supplementary Figs. 7, 8, 15-18 ).
